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POLAROGRAPHIC REIVCTION OF HEXAMMINECCBALT (III) ICH,
THE EFFZCT OF COMPLEXING AQENTS

by
E¢ A, Lailtinen and Pekka Kivalo

ABSTRACT

The polaregraphic reduction of hexamminecobalt (III) ion
to the divalent state has teen studied in the presence of various
concentrations of ammonia. Comparisen of half-vave potentials
with equllivrium potential measurementg indicates that the first
step 1n the reduction process is an electron transfer to form
hexemminecobalt (II) ion, The 1rreversibility of the process may
be attributed to a elow step, namely the transformation of the
hexammineocobalt (II) ion r§o~ the initial d%sp® hydridization
gtructure to the stable sp’d® structure, This mechanism is sup-
ported by the observation that the anodic current due to cxida~
tion of hexamminecobalt (III) ifon at the rotating platinum elec-
trode is8 only of the crder of 1 percent of the édiffusion-

- controllied value, and must be limited by the rate of the reverse
transformation., - '

- In the presence of ethvlenediamine, the reduction of
hexemminecoralt (III) occurs at the reversible reduction poten-
tial of the trisethylerediamineccbalt (III) ior, although this
gspecles of 1lon iz not present in gelution, A mechanism for this
process 1s suggested,

In concentrated chloride solution, the second step of the
reduction was observed to be ghifted C. L v. to a more positive
potential, because of the formation of a chlorccomplex of cobalt
(II) by rapid exohange of ligands by the hexarminecobalt (II) fon,

In concentrated hydroxide medium, a similar effect was
observed, but with the shift of the second reduction step to a
_more negative potential,



Introductien

The polarcgraphy ol hexamminecobalt (III) ion has been pre-

viously discussed by Erdipka,1 '"illis, Friend and Mellor® and in a

Czechoslov. Chem. Communs. 2, 112 (1933).

(lg Zrdicka, R., Coll,
(2) illds, J. P, Friend, J. A., and Mellor, . PT, J. Am, Chem.
Sce., b7, 168b (1945).

3
Tirst paner on the subject from this laboratcry.

(3) Laitinen, H. A., Ballar, J. C., Jr. Poltzciaw H. and

“wagliano, J. Vi, J. Am, Chem. Soc.. 2999 (1gig).’
] l

The product of the first ster of reducticn has been regarded as

-y

being the aguated cobalt (II) ion.g'sr The present investigation
was undertazen to determine the effect of varicus substances whicn
forn: commlexes with cobalt (II), in the hope of gaining further
inelight intc the mechanisr of electroreduction of the hexammina-

cobalt (IZII) 4on.

Experimnental

Materials.--Hexamminecobslt (III) chloride was prepared acoording

to Bjerrum ané Reynolds and was reﬂrvetallizea twrice from alcohol

(4} BJerrum, J., and McReynolés, J. P,, "*“0“88n10 Synthesls”,
HcGrag-Hill Rock Co., Inc., Mew York, N.Y., 1946, Vol, II.
p. 216,
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and hydrocchloric acid. The salt was dried at 90°C. for 8 hours.
Apparatug.~~-Current-voltage curves were determined with a Leeds
and llorthrup Type £ Electre-Chemograph, excent for one gertes of
experiments (Table 2) in which a Sargent Polarograph, Yodel XXI,
usin; Q,S v. epan was ghplcyed. VToravoid traces of agar an
_ H-ce;l naving a 20 mm, fine aintered glass plug separéting the tro
compartrents was used., The solution for analyels was placed in
| both compartments so that the liquid leﬁellwés about 1 ¢m. higher
.in_the cathode compariment than in the ancde corpartment, The
reference electrode was a saturated calomel glectrcde connected
to the gnodé compartment by means of a salt brldge containing
satureted potassium chloride solution. The A.C. resistance of
thig tyne of cell wasg 680 chms‘(mini&al velus at instant of drop
fall), using C,1 N potassiun chloride sclution with the dropping
mercury electrode as éne electrqde and the saturated caloxzel elec-
troce ac the other electroce, Oxygen was rencved from the solu-
tiong with oxygen-free nitrogen., The cell and the reference elec-
trcde 'rere Xept in a water thermostat having a temperature of
25:0.100. Twe dreopping mercury slectrodes were uged:!
Tleotrode I, m = 1,746 mg./sac., ¢t = L.68 gec.; Tlectrode II,
m - 1.53¢ mg./sec., t = L.,72 gec, {cpen circuit) using a mercury
column height of 6C,C ecm.,

For some experiments a rotating platinum electrode vas
used. The electrode wag rotated with g small induction motor at
about 500 r.p.2. The micrcelectrode, which was 1.5 mm. leng and

0.2 mm, in diameter, protruded at an angle of 45 degrees frozx the
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slde ¢of a plece of glass tubing, The distance between the tip of
the slectrode ant ro%tatlon center was 5 mm, The rotating elec-
trcde was ingerted in the Hepell, descrided above, through which
nitrogen was bubbled continucusly during the experirent. The gell
was covered with a round'rotating :ubber éisc, which wae fésténed
to the electrode shaft through a hole ﬁn its center éhd théhf

rotated barely abové the'edge of the cell,

Regults and géscussion

The Effect of Ammonia Corecentration

In 1941 Byerrum® siowed by cvotentiometric titration that

(5) Bjerrum, J., "Metal Ammine Formsticn in Aqueous Solution®
?. Haage and 3on, Copmenhagen, Denmark {141}, p. 25C.

the oxldation-reduction reaction of the hexamninecobslt (III, II)

systen 1s reversible, The”titrations were made in medis where the
ivalent hexamnminecobalt comlex 1sg stable, l,e., in solutlions

containing ammonium galt and an excess of the complexing agent,

In a 2 ' amrmonium nitrate sclution the standard potential at 30°C.

for this couple apneared <o be =-0,211 v.° vg. tihe saturated

(6) '!. ¥, Latimer has calculated the gtandard potential of the
couple to be +0.,1 v. vs. hydrogen eleotrode, which is about
-0.14 v. vg. S,C.E. using the polarogranhic sign conventlion,
"Cxication Potentials" seccnd Ed,, Prentice Hall, Inc.,, New
York, M.Y, {(1952), p. 21k,
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calomel electrode (3.C.7.7. OCurve 1 in Figure 1 represents the
oXideticn-reduction povential for the aystem in question as a
function of the activity of ammenia ag cttained by Ejlerrum. The
standard potential for the system lg represented by the straight

line of -C,211 v, vg. 3.C.E. and 1s obtalned by the relationship
1) E° = Epggox * 0.G601 log ce (30°)

vhere a4, the fraction of the total divalent cobalt being in the
hexanmine form, ie & function of the 2otivity of ammonia.

'The polarcgravhic reducticn of hexamminecobalt (III) ion
ﬁo the divalent form apvears to proéeed irreversibly 1n'§ost
nmedia., Teble 1 glves half-wave po%tentials an” reciprocal slopes
of the plots of © yg. log (L5 - 1)/t obtained with noﬁ-complexing
gupporting electrolytes., Table 2 sghovs the results of a gtudy of
tials reduction in the presence of various concentrations of
annonia. In crder tec be able to compare the results with
Bierrum's, the supdporting electrolyte used was 2 ]| ammonium
ritrate, The activity ¢f ammonie vas calculated on the basis of
Blerrur's experiments, which were run at 22-23°C, The temperature
in the present experirment was 25°C., but the errcr due to the ten-
perature éifference is consicdered negligible., The ag values were
calculated for 25°C., and the corrected half-irave potentials were
celculated by an eguatien similar to ecuation (1) but using the
glope C.,0551 corresponding tc ascc. As can be seen, the nalf-wave
potentinl becomes mcre negative with increasing ammonia concentra=-

tion., The reciprocal slopes of the logarithnic plots seem to de
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cleser to the reversible values. Curves 2 and 3 in Flgure 1

reprcgent the plot of the half~-wave potentisl and the corrected

Table I
: . E1/2' v Reciproeal
Cone., Supporting vergusg Slope of -
i Flectroiyte 5.C.u. Log Plot
1.0 HaNO, B -c.2k5 0,090
‘1.0 5O, R -0.280 - 0.076
0,2 Ba(iCs)a -C,2u6 | 0,086
0.1 "aC10, . .c.aus 0.105
1.0 Nall | -0,20C 0.105

1,7 HC1 -0.216 C.116

half-7ave poterntiagl, respectively, vs. the negative logarithm of
the armmonia activity., A plausitls explanation c¢f the results of
these experiments geems to be as follows:

The primery step in the reducticn of hexamminecobalt (I1I)

ion is the electrode transfer giving the divalent complex

FUR _ T
2) CollKa)e + e ™ Co(NHaYs
Ccnsiter the expressicon
a° ' -+
RT CoMH '
) T = £° = &= 1in :
3 C.B. n::‘

o}
87Co(MHy) o
vhere a® refers to octivities at the surfece of the dropping

¢
electrnde and E 1ig the standard potential of reaction 2. o»
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Agsuning the notivity coefficients and diffusion cosfficlente of
the t'vo forms to be equal, £° is identlcagl wit!: the oorrected
nalf-weve votential, Reglizing that the concentration of the
Gilvaient hexammine complex at the half-wave potential is not

equal tc Half of the bulk conoéntrétion of trivaient corplex, but
e fracticn, g, Of the total divélent.éobait §roduced by the
reduction, cne can see from equation 3, that the halfl wave potenQ_
tial ehould become mere negétiva with increasing hexarmminecobalt
(II)'cohceﬁtratiOn. At 1o concentrationgs of ammonla, where only
e small fractloh of the tctal divalent cobalt is stabdle in the
hexanmine form, the Kinetlcs of the decomposition of the hexam~
minecobalt (If} ton affects the poterntial, Curve 3 in Figure 1
ghoirs this effect. Instead of being constant, tne corrected half=-
wave pctentlal beconesg more negative with decressing amronia con-
centrotion thus indicating that the concentration of hexammine-
cobalt (II) ion is higher than predicted, i.e., the time has not
been long enough to attain equilinrium betweern the different
Givplent cobalt amines.

From Fiéure 1 1t can be seen that the nolerographic reduc-
tion proceeds with an overpotential of agbcut 0.1 v, Part ¢f this
may be due to the temperature difference (Blerrur's potentials
obtained at 20°C.) and the difference im the diffusion coeffi-
cients of the trivalent and the divaient forms of the complex, but
the main part must be due toc the slowness of tie renction. It was
algo found that, in accordance with Blerrum's results, the half-

wave potentlel became mere pogitive with fecreasing ammenium lieon



aencentraticen, Tor example, in 7.1 M ammenia the half-trave

potentlals in 2, 1 and C,5 H ammonium nitrate were -0,291, -C.275,
and ~0.271 v. vs. $,C.E. respeotively. The postulatisn that the
reduction ¢f hexamminecobalt (III} ion consists of the electron

-trangfer to form the divalent hexemmine cobalt ion, which in turn

. Table 2
)
' ' , /2 = Reciprocel
‘ v, vs. 1/2 Slepe of
{NH5] pa[liHale Gg* S.C.E, 0.C8% log ¢, Corr. ‘log. plct
0.71 40,148 0,081  -C,2702  -0.06Lk5  -0,3347 0,073
1.42 -0,185 0,212 -0.,27%4 -0,0297 -0.32151 0.072
2.13 -0,3858 €.33C  -0.2785 -0,028u -0, 3069 0,07k
3.55 ~C,E55 0,503 -0.2712 -0,0175 ~0,2987 0.073
5,66  -0.9% 0.684  <0.2842  -0,0098  -0.294C  0.075
7.11 -1.11 0.760  -C.2912  -0,C071 -0.29%2  0.07%
9.25 -1.3% o.au?i -0.2985 -0.,0043 -0,1028 C.077
11,10 -1.52 0,90 -0.3040  -C,0027  -0,3067 0,078

* The getivity of arrmonia crlculated on the basis of Rlerrum's
data® as well as the value of Ga which is

the fracticn of the
total Co(II) being in rhexamminecoralt (II) form, ‘

decomposes mere or legs depending upon the mediunm, is supported

by sor: recent radicactive tracer investigations on the rate of

electron exchange tetween complex ions by Hoshowslky, Holmes and

~

MeCal

lum7

- - - 8
as Well as by Lerisg, Coryell and Irvine,

Thege authors



(7) Hoshoweky, S. A., Holmea, 0. G., and MeCallum, K. J., Can. O,
Research, g%g 258—265 \1949)

(8) Lewis, V., Toryell, C. D, and Irvine, J. /., Jr., J. Chen.
Sac, tsuppl, Iseue, No. 2, 5386-92 <i9u0)

reported a notlicegble but glow rate of exchange of electren
between hexamminecobalt (III) and hexamminecobalt (II), thus indi-
cating a certain degree of reversibility. It is of interest to
note that the trisethyleneﬁiamine cobalt (III, II) couple thch
nas a much hlgher rate of electron exchange than thae hsxammine
gysten, wasg shown b Pterrum® %0 be reversitle. Nowever, both of
the abpve mentioned gyetemeg have very slely rates of exchange com-
parsd to the rates of such reversible syatems as Ce(IV, III) and
1nc,”, Mn0,". Iﬁ'this laboratory, . W, Grieb {unpublished inves-
tizatiocns) has stulled tile polarogranhic reduction of the tris-
ethylenediamine counle and found that the half-vave petential is
nearly icdentical with RBjerrum'e redcex potential for this system
and that the ré@ucticn prcceeds reversidbly.

The electron exchante and thus the revergibility eof both
hexammine and trisethylenediamine gystem ls, hcwever, difficult

to undergtand from the fellowing peolint of vierr, Libbyg has postu-

(9) Libby, W. F., Preprinte of Farpers Sy"nos-um Zlestron Transfer
and Igotopic Reastions, J. Phys. Chem., 54, 39 [(Oct. 1952),

lated thot electren exchange occurs only hetween symmetrlical com-

plexes. In the case of the ccbalt complexes, the trivalent forms,

-




ag is well known, have covelent bonds (dasps—hybridization) and

re dlstinctively inert (Taube's'® terminology) and the divalent

(10) Taute, K., Chem. Revs., 50, 69 (iéé?’.‘

forma are lablle, having ionlc bonds (apad?-hybridiéation). The
electron configuraticn is tcc different to allo: a reversible
glectron tfansfer. Ir order to gatisfy Libby's symmetry principle,

the following mechanism may be postulsted for the eXxammine cobalt

couple:
T \ +++ : . ++ 2 3
4) Co(lHs)se (42gp3~hybridization) + e =~  Co(MHj)e (d¢"ap” =
: hybridization
e+ . ++ '
5) ColiHa)e (a®an®-nybricization) __. ColiTl)s  (sp°d°-nybridi-
zation

Equation & weuld represent the reversgidble gten and equation 5 the
irreversidle step invelvirg an activation energy.
Alternatinz ¢urrent polarography uging a technique similar

' : 1
to that deceribed bv Tﬁller, Garman, Lroz and Petra : and by

. . - »
(11) iuller, R, K., Carman, ®. L., Dr
1 -

a and Fetra, J.,
Ind. EZng. Cher., Ana :

19

Breyer and Guttrman wag employed in order to invegtigate the

(12) ?reye B, and Gustzan, F,, Faradar Sce. Dlscussion, 1, 19
5h7

r‘)
3
/e




reversibility of certain electrode reactions (unpublished investi-
gationsg), In a solution containihg 1 M scdiurm nitrate gnd 3 mil-
iimolar hexamminecobalt-(lli) ard using a 60 cvcle a.c. with a
voltage amplitude of 50-1C0 mv. it was found that oxidaticn of
“the hexamminecébalt {II) complex formed during reduction actually =
takes place duriﬁg the second haifﬁd? the a.c. cycle, thus iﬁdi-
cating a certain degree of reveraibilify.

The oxidation of hexarminecebalt (II) ion was studied by
“using the roteting platinum electrode. Figure 2 shovs current
voltage curves obtained in 12,7 ! armonle and i Hoammonium
nitrate. “The redﬁction of hexamminecobalt (III) ion gives a well
defined diffusion current. El/e ig about -0.47 v, va, S.C.E.
However, by reversing the nolarization from an increasing
éathodic to decreasingly cathodic, the Ey/p hae changed to -0,12€
v. ve, S.C.E, The hysteresis effect can be explained by the fact
that with increasingly negative polarizatlon the concentration of
the nexamrcinecobalt (II) comp;ex‘produced sctually will stay
highér than the equilibrium concentration and thus shifts the wave
to more negative potsntial., ''hen the polarization ig decreasingly
negative equilibrium conditions should be more clesely approached.
The oxldation experiments wvere cenducted in the following manner:
The supporting electrolyte containing the ahmonia wvag first
deaerated and then a few drops 0f a 2 M cobalt sulfete solution
were added, preventing thus any air oxidation of the divalent
arnine complex, In Figure 2, a few current voltage curves of the

oxidation of divalent complex are presented, At ¢this ammonia
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activity adout 904 of the tetal divalent cobalt pri #t 18 in the
hexamnine ferm. The results are somewhat surprigilyz  The nalf-
wave potential seems to bs roughly right (-0.260 v - w. 3.C.E.)
regardless whether the polarization is inoreasingl: ¢ deoreas- .
ingly cathodic, The current i, however, only of !se order of
'irpercent bf the expected value, The lihiting curﬁz;t'is-not
pfopbrtionél to concentraticn but seems td bebomé no£ﬁ>ehdeﬁt of
it, This ie shown in Figure 3. It might be mentiveel tiat, as
expected, the oxldaticn currenfrdecreases vith deéﬁazﬁ.ﬁg ammonia’
~concentration. - |

The results indicate that the oxidatlicn prouseis vety
siowlynand that probadbly the surface area of the eloxirode ig one
of tae rate determining factors, approaching a zercc=rier of reesc-
ticn ulth increasing concentration. A plausitle mer-®:131sm for the
slo rate would be represented ty equation § and U :=wexrsed. ‘'hy
the current ls higher using decreasingly negative pll:rilzation
than witih the opposite nolarization cannot be explarii.

Reduction in Bthylenedlamine

8
Levwis et al., in their studles on the rates :"X¥ :dectron
excnange, found a remariably fast rate for the reacli:n
o ++ + s Tt
€) Co(NHa) g + Colen)s == Cofen)s + Co¥ ™),
It vvas of interest to try the polarographic reductinm:f hexammine-

cobalt (III) lon in the presence of ethylenedianmine

4

’

in C,1 i ethylenediamine, A millimolar solution cf razanzine-
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cobalt (III) chloride stood for 48 hours in 0.1 ) ethylenediamine.
Thie amine wag then neutralized with acid and a solarogran
reccrdet, shoving that the originel ion still was pressnt. A
different type of exnperiment led tc the same conclusion: A 0,08 i
ethylenediémine golution containing 0.012 Y of the hexamminecobalt
(III) chloride was allowved tc stand for 48 hours, The hexammine-
cobalt (III) chloride wvas then precipiteted using concentrated
hydrochloric'acid and alcohel, The dried product dissolved in
watef'gavé the same nolarograms as the original material,

Figure 4 gshows a family of polarograme c¢htain in a sup-
porting electrolyte confaining 0.1 ! potassium nitrate and 0.1 X
ethylenediamine. The.reduction of the hexamrinecobalt (III) lon
- proceels gpparently reversibly, the recliprccal slcpe of the

legarithmic plot having a value of 0,08k, The half-rrave petential

L]

cr this reducticn was _O0.465 v, vs. £.C,E, '/, !", Grieb (unpub-
l1ighed investigations (has determined the half-wave potential for
the reduction of trisetaylensdianinecctalt (III) ton to be -0.4581
v. ve. 3,C.E. in thls medlum. Curve 2 in Fipgure & was obtained
by having toth hexamminecobalt (III).and trigeshivlenediagnine-
cobalt (II) in solution and curve I represents the oxidation of
the latter cnly. The procedure ¢f forming thn Fdivalent complex
in gelution was the sare as deseribed ahove In connecticn with the
oxidation of hexamminecobalt (II) complex, As can be geen, the
couple

+ T

7) Co{NHz) e + e === Colen)s

apparently reirresents a reversihle sgveten,
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It i, however, clear that the hexamminecobalt (III) ion is
reduced at the usual potential of abeout -0,250 v, vg, S.C.%, and
the procuct, the divalent hexemmine complex, belng a lablle com-
plexlc vhich will rapldly come into equilibrium with the complex-

ing agent in the solutlion:

: ++
S) ' CO(A‘m3>3++ + 38n .‘.‘:3 CO(Bn)s + 61\'-“13

Becauge of the excegs of ethylenediamine and the rela%ive

- stability ofrthe«complexes, the equilibrium is shifted to the

'rign:._ Ag lcng as the pbtential is more positivé'thah requ;féd for
thé reduction of trisethylenediarinecobalt (III), an oxidation of
the divalent ethylenédiamine 5omplex cocurs, thus reéulfing in a
net current equal to zero, ‘'/hen the potentlsl of the electrode 1is
made increasingly négétive, the oxidation will cecse, with the
half-veve potential edual tc that of the trisetnrlenedlamine sys~
tex, and vith the reversitle slope, thus giving the lmpreasion that
the gyetern revresented by Ecuation 7 is a reversible one.

Reduction in Hirh Chloride Concentration

19
Brdlicka found in 1930 that the reduction of the blue

ka, R., Coll, Szechoslov., Chem. Comnuns., 2, k&9, 5us5

chlorocomplex of divalent ccbalt ig more nearly reversidble and
occurg at O.4 v, more positive potential than the reduction of the

hexaaguo ion. The polarograr of rexamminecobalt (III) in § X
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calecium chloride sclution is shoewn in Figure 5, Curve 1. The
firgt vave is drawn out, but 31/2 ie roughly normal at -0.,260 v,
vs, 8,C,E. The seccnd wave, the redustion of the divalent cobalt
to metal, has a half-wave potential of -C.876 v, ve. S.C.E, and a
logaritiamic reciprocal slope of about 0,060, Curve 2 represents
the reduction of the divalent chlero complex cf cobalt, El/e is
-0.822 v. vs. S.C;E. and the reciprocal sloﬁe of 0,042, From the
large ghift of the séccndrreducticn wave of hexarminecobalt (III)
it i obvious that a chlorocomplex of cobalt (II) must be formed
by a rapid exchange of ligands by the hexamminecchalt (Ii) ion,
Since tre second wave of cobalt (III) is not identicsl in poten-
tial ofzshape with the covalt (II) wave it ig probable that the
gpecles involved in the tvo caseg are not ldenticel, it.e,, that
the exchange 1g not complete,

Recuction in High Hydroxice Concentration

Althacugh it has been long known that ccbalt (II) hydroxide
will dlsgolve in concentrated alkall solution tc form a blue solu-

14
tion,  very little is known about the actual specles fcrmed.

(1L) Grmelin, "Handbuch der Anorganischer Chemle", Verlag Chemle

3.1..B.H,, Berlin, 1932 (#th Td.), Vol. 58, Teil A, p. 208.

‘ 18 .
Schoelder reports preparing well crvstallized compounds like

{15} Bcholder, R., Z. angew. Chem. 8§, 509 (1933).

s §

&

v

- . . - - - i
Baal Co(OH) gl and Maz{ Co{OH),]. VMore recently Zordon and Schreyer

[
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(16) %ordo?, S., and 3chroyer, J,lI., J. Am. Chen. Soc., 74, 314§
1952),

have studied spectronhotoretrically the species of cobalt (II) in
gtyongly alkaline socluticns and report results indicating that a
blue trihydroxoccbalt (II) exists in solutions éontaining 3 to 12
Il potassium hydroxide,

| Some experiments were carried cut in crder to find out
vnether the blue complex of cchalt {II) 4s reducible at the‘drop-
ping mercury electrede, The supporting electrolyte (10 M sodium
nydroxide) deaerated and then a fev drops of a 2 ! cobaltous sul-
fate solution were added tc 1t. A plink to tlue precipltate was at
first formed, but after 15 minutes gtirr! ; (nifrcgen bubbling) a
des» blue soluticn was obialned, containing about 2 millimoler of
cobalt {II) as the iyfrc ccmplex., Yost ¢f the precipitated

cobnltous hydroxide rermalned undissolved. The reducticn preceeded

3

revereibly, the half-wave potentlal being -1.5¢ v, vg. 3.C.T.
The reduction of the hexamminecobalt (III) complex 4in 10 [
sodiun hydroxide was also studied, The firat ste~ cormes at

~ -

around -0.25 v, vg, 5,C,0. and the second sten nas a half-wave
potential eof ~1.54% v. vs., 5.C.7., It seerms obvious that the mech-
anign is girilar to that deseridbed in thr case of the chlore ¢or-
plex.

‘/nether the excnange here g ccmplets or not cannot be said

on the hasie of this expveriment.



Figure 1

Curve 1: ,Oxidation-red1ction potential for hexamminecobalt (111,
' II) couple acc, to J, Rierrun cbtained at 30°C, in 2 %
amwonium nitrate,

Ogrve.E: El/g for the anme couple at 25 ¢. in EEQ‘amﬁonium nitrate.

Curve 3: 31/2 sorrected for a5.~7*

' ?;gure'e

Polarograms obtatned with thé-rctating platinum electrode in
1 li ammonium nitrate and 12.7 !l ammonia. :

Curve O, residual current; Curveg 1 and la, 1 millimolar -
hexanmineceobalt (III); Curve 2, ca. 2 uillimolar* Curves 3 and 3a,
ca 3 millirmolar; Curve L, ea. L miliimolar Cof(II} total.

The arrcv shows the directidﬁ'¢f9polaf1zation;

The sensitivity setting, when recording the anodic currents,
wes ten times higher than when recording the cathodic currents.

Flgure -3

The éiffusion current of the oxidation of hexamminecobalt (II)
pletted against the co-ce“ura*ion ¢! the total divalent cobalt,
' Suoporting electrolyte 12,7 il ammonia and 1 !! ammonium nitrate.
The pelarization was iﬁcreas;nQIV negative, :

Figure U4

~ola*cvrams obtained in C,1 ! potassium r;trate contalinirg
0.1 I ethylenediamine, :;ectrode TIA damping 1, Curve 1, 1 milli-
molar hexarmminecobalt (III); Curve 2, ca. 0.5% rillirolar hexam-
~ minecobalt (III) and ca. &u illirolar trisetﬂylenediarinecobalt

(EI); Curve 3, ca. 1 m*Tlimola“ ’risethylﬁneqiavirecoba=t (II).

Tizure 5
. - Do’arogra"s obtainec in 10 ¥ caleium chloride Eiectrode 11,
demping 1, Curve 1, 1 millimolar hexamminecobtalt ? II); Curve 2

1 millimolar cobalt (II).
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